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304

spring is disposed between the threaded bolt and the inner
surface of the pulley.

12 Claims, 3 Drawing Sheets
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1
ROPE DRIVE ANCHORING ASSEMBLY

TECHNICAL FIELD

The present invention generally relates to drive systems,
and more particularly relates to a rope drive anchoring
assembly.

BACKGROUND

Human-machine interfaces that are used to translate
human movements to machine movements are used in
myriad industries. For example, some aircraft flight control
systems include a human-machine interface in the form of
one or more control sticks. The flight control system, in
response to input forces supplied to the control stick from
the pilot, controls the movements of various aircraft flight
control surfaces. No matter the particular end-use system,
the human-machine interface preferably includes some type
of haptic feedback mechanism back through the interface to
the interface operator (e.g., pilot or co-pilot). In some
implementations, the haptic feedback mechanisms are active
mechanisms that include one or more electrically controlled
motors that supply force feedback to the human-machine
interface, typically via multiple gear stages that exhibit
relatively high gear ratios.

Although useful and robust, feedback mechanisms that
include multiple gear stages do exhibit certain drawbacks.
For example, these gear stages, which are typically imple-
mented using multi-stage planetary gears or harmonic
drives, increase overall feedback mechanism inertia and
friction, which can adversely affect overall system effi-
ciency. Moreover, these multiple gear stages can be rela-
tively heavy and complex and, as a result, relatively expen-
sive. There has thus been a desire to use relatively lighter
and less complex mechanisms for interconnecting the
motors and the control stick.

One solution that has been proposed is to replace the gear
stages with a rope drive system. This solution, however,
exhibits its own drawbacks, which are typically associated
with the manner in which the rope is anchored. In particular,
the rope can exhibit poor adjustability, and over time may
exhibit creep (stretching), breakage, thermal growth (shrink-
age), and backlash (loss of tension). Hence, there is a need
for a rope drive anchoring system that addresses at least
these drawbacks.

BRIEF SUMMARY

This summary is provided to describe select concepts in
a simplified form that are further described in the Detailed
Description. This summary is not intended to identify key or
essential features of the claimed subject matter, nor is it
intended to be used as an aid in determining the scope of the
claimed subject matter.

In one embodiment, a rope drive anchoring assembly
includes a pulley, a rope, and a rope connector. The pulley
is adapted to be rotationally mounted and has an inner
surface, an outer surface, and a fastener opening extending
between the inner and outer surfaces. The rope engages at
least a portion of the outer surface of the pulley. The rope is
adapted to receive a drive torque and, in response, causes the
pulley to rotate. The rope connector couples the rope to the
pulley, and includes a fastener, a threaded bolt, and a spring.
The fastener extends through the fastener opening, and has
a first end, a second end, an outer surface, and an opening
extending between the first and second ends and through
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which the rope extends. The outer surface has fastener
threads formed on at least a portion thereof. The threaded
bolt is threaded onto the fastener threads, and the spring is
disposed between the threaded bolt and the inner surface of
the pulley.

In another embodiment, a drive system includes a motor,
a pulley, a rope, and a rope connector. The motor has an
output shaft, and is adapted to be energized and is config-
ured, upon being energized, to supply a drive torque via the
output shaft. The pulley is adapted to be rotationally
mounted and has an inner surface, an outer surface, and a
fastener opening extending between the inner and outer
surfaces. The rope engages the output shaft and at least a
portion of the outer surface of the pulley. The rope is
responsive to the drive torque to cause the pulley to rotate.
The rope connector couples the rope to the pulley, and
includes a fastener, a threaded bolt, and a spring. The
fastener extends through the fastener opening, and has a first
end, a second end, an outer surface, and an opening extend-
ing between the first and second ends and through which the
rope extends. The outer surface has fastener threads formed
on at least a portion thereof. The threaded bolt is threaded
onto the fastener threads, and the spring is disposed between
the threaded bolt and the inner surface of the pulley.

In yet another embodiment, the drive system includes a
motor, a pulley, a rope, and a rope connector. The motor has
an output shaft, and is adapted to be energized and is
configured, upon being energized, to supply a drive torque
via the output shaft. The pulley is adapted to be rotationally
mounted and has an inner surface, an outer surface, and a
fastener opening extending between the inner and outer
surfaces. The rope engages the output shaft and at least a
portion of the outer surface of the pulley. The rope is
responsive to the drive torque to cause the pulley to rotate.
The rope connector couples the rope to the pulley, and
includes a fastener, a threaded bolt, and a spring. The
fastener extends through the fastener opening, and has a first
end, a second end, an outer surface, and an opening extend-
ing between the first and second ends and through which the
rope extends. The outer surface has fastener threads formed
on at least a portion thereof. The threaded bolt is threaded
onto the fastener threads, and the spring is disposed between
the threaded bolt and the inner surface of the pulley.

Furthermore, other desirable features and characteristics
of the rope drive system will become apparent from the
subsequent detailed description and the appended claims,
taken in conjunction with the accompanying drawings and
the preceding background.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will hereinafter be described in
conjunction with the following drawing figures, wherein like
numerals denote like elements, and wherein:

FIG. 1 depicts a functional block diagram of an exemplary
active human-machine interface system;

FIG. 2 depicts an embodiment of a rope drive system that
may be used in the system of FIG. 1; and

FIG. 3 depicts an embodiment of a rope drive anchoring
assembly.

DETAILED DESCRIPTION

The following detailed description is merely exemplary in
nature and is not intended to limit the invention or the
application and uses of the invention. As used herein, the
word “exemplary” means “serving as an example, instance,
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or illustration.” Thus, any embodiment described herein as
“exemplary” is not necessarily to be construed as preferred
or advantageous over other embodiments. All of the embodi-
ments described herein are exemplary embodiments pro-
vided to enable persons skilled in the art to make or use the
invention and not to limit the scope of the invention which
is defined by the claims. Furthermore, there is no intention
to be bound by any expressed or implied theory presented in
the preceding technical field, background, brief summary, or
the following detailed description.

In addition, although embodiments of a rope drive system
and an associated rope drive anchoring system are described
as being implemented in a user interface that is configured
as a control stick, it will be appreciated that the anchoring
system could be implemented in variously configured user
interfaces including, for example, variously configured ped-
als, yokes, levers, and the like. It will additionally be
appreciated that the anchoring system could be implemented
in various other systems and devices that are (or could be)
implemented with a rope drive system.

Referring now to FIG. 1, a functional block diagram of an
exemplary active human-machine interface system 100 is
depicted. The system 100 includes a user interface 102, a
gimbal assembly 104, a plurality of motors 106 (e.g., 106-1,
106-2), a motor control 108, and a plurality of rope drive
mechanisms 109 (109-1, 109-2). The user interface 102 is
coupled to the gimbal assembly 104 and is configured to
move, in response to an input from a user, from a null
position 110 to a plurality of control positions in a plurality
of movement directions.

The gimbal assembly 104, which preferably mounted
within a housing 101, is coupled to the user interface 102
and is configured to rotate, upon movement of the user
interface 102, about two perpendicular and co-planar rota-
tional axes—a first rotational axis 112 and a second rota-
tional axis 114. Thus, if a user moves the user interface 102
in a forward direction 116 or an aft direction 118, the gimbal
assembly 104 rotates about the second rotational axis 114.
Similarly, if a user moves the user interface in a left direction
122 or a right direction 124, the gimbal assembly 104 rotates
about the first rotational axis 112. It will be appreciated that
gimbal assembly 104 is additionally configured to allow the
user interface 102 to be moved in a combined forward-left
direction, a combined forward-right direction, a combined
aft-left direction, or a combined aft-right direction, and back
to or through the null position 110.

Movement of the user interface 102 is sensed via a
plurality of user interface sensors 126 (e.g., 126-1, 126-2).
The user interface sensors 126 may be coupled to the user
interface 102, the gimbal assembly 106, or to both, and are
configured to supply user interface movement signals 127.
The user interface sensors 126 may be variously imple-
mented using any one of numerous known force sensors,
position sensors, or both. Some suitable force sensors
include, but are not limited to, strain gage sensors, piezo-
electric sensors, semiconductor sensors, or optical sensors,
just to name a few, and suitable position sensors include, but
are not limited to, absolute inceptor position sensors such as
RVDTs, LVDTs, potentiometers, optical sensors, or mag-
neto-resistance (MR) type position sensors, just to name a
few. No matter the specific number and type of user interface
sensors 126, at least one of the sensors 126 is configured to
supply user interface movement signals 127 representative
of'a vector component of user interface movement along the
first rotational axis 112 (e.g., in the forward or aft directions
116, 118), and another sensor 126 is configured to supply
user interface movement signals 127 representative of a
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vector component of user interface movement along the
second rotational axis 114 (e.g., in the left or right directions
122, 124). In the depicted embodiment, the user interface
movement signals 127 are supplied to the motor control 108.

The motors 106 are each configured, upon being ener-
gized, to selectively supply a motor torque about the first
rotational axis 112. In the depicted embodiment, the plural-
ity of motors 106 includes a first motor 106-1 and a second
motor 106-2. Thus, the first motor 106-1 is configured to
selectively supply a first motor torque, and the second motor
106-2 is configured to selectively supply a second motor
torque. The motors 106 are preferably identical, and are
preferably implemented using multi-phase brushless DC
machines. As such, current feedback and commutation sig-
nals 128 associated with each motor 106 may also be
supplied to the motor control 108.

The motor control 108, in response to the user interface
movement signals 127 and the current feedback and com-
mutation signals 128, selectively energizes one or both of
the motors 106-1, 106-2 to rotate. Whether one or both of the
motors 106 are energized, and the direction in which the
motor control 108 causes the motors 106 to rotate, depends
upon the directional movement of the user interface 102. It
will be appreciated that although the motor control 108 is
depicted using a single functional block, its functionality
could be implemented using two individual motor controls,
one associated with each motor 106.

The rope drive systems 109 are each associated with a
different one of the motors 106, and are interconnected
between the gimbal assembly 104 and its associated motor
106. The rope drive systems 109 are each configured to
receive the torque generated by its associated motor 106 and
transfer the generated torque to the gimbal assembly 104. It
will be appreciated that the rope drive systems 109 may be
variously configured and implemented, but in the depicted
embodiment each rope drive system 109 includes a pulley
111 (111-1, 111-2) and a rope (or cable) 113 (113-1, 113-2).
The pulleys 111 are both coupled to the gimbal assembly
104.

The ropes 113 are each coupled to, and may also be
wrapped around, one of the motors 106. More specifically,
the ropes 113 pass through an opening 201 (shown in FIG.
2) in an output shaft and pulley 107 of its associated motor
106, or through an opening in suitable, non-illustrated
hardware connected to the output shaft and pulley 107. It is
also noted that for increased torque advantage, the motor
may in fact be a gear motor (motor with gear head).
Preferably, an epoxy is disposed in these passages 201 to
help secure the ropes 113 in place. Each rope 113 is also
disposed on, and thus engages, at least a portion of its
associated pulley 111, and more specifically the outer sur-
face 115 of its associated pulley 111. Each rope 113 thus
receives a drive torque from its associated motor 106 and, in
response, causes its associated pulley 111 to rotate at
increased torque (according to the diameter ratio of 107 and
111). Each rope 113 may be variously implemented and may
be formed of various materials. For example, each rope 113
may be formed of a single strand or a plurality of strands of
various materials.

Referring now to FIG. 2, an embodiment of one of the
rope drive systems 109 is depicted, and includes the pulley
111, the rope 113, and a plurality of rope drive anchoring
assemblies 200 (200-1, 200-2). The pulley 111 includes an
inner surface 202, an outer surface 204, and a pair of fastener
openings 206 (206-1, 206-2). It will be appreciated that the
depicted pulley 111 is merely exemplary of one embodi-
ment, and that the pulley 111 may be variously configured
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and implemented. As such, the pulley 111 could be variously
shaped, and could be implemented with only a single
fastener opening 206 or with more than two fastener open-
ings 206, if needed or desired. Regardless of the number of
fastener openings 206, each fastener opening 206 extends
between the inner surface 202 and the outer surface 204. A
single fastener provides a stiffer system, while two fasteners
provide a more length tolerant system.

The rope drive anchoring assemblies 200 extend, one
each, through a fastener opening 206, and couple the rope
113 to the pulley 111. An embodiment of one of the rope
drive anchoring assemblies 200, and how it couples the rope
113 to the pulley 111, is depicted in FIG. 3, and with
reference thereto will now be described.

Each rope drive anchoring assembly 200 includes a
fastener 302, a threaded bolt 304, and a spring 306. The
fastener 302 extends through one of the fastener openings
206, and has a first end 308, a second end 312, an outer
surface 314, and an opening 316. The outer surface 314 has
fastener threads formed on at least a portion thereof, and the
opening 316 extends between the first and second ends 308,
312. As FIG. 3 also depicts, the rope 113, which has two
terminations 318 (only one shown in FIG. 3), extends
through the opening 316 between the first and second ends
308, 312. Each termination 318 extends from the second end
312 of the fastener 302 and is configured (e.g., knotted) to
prevent movement thereof through the second end 312 and
into the opening 316. In addition, an epoxy 322 is deposited
into, and fills, the opening 316 to adhere the rope 113 in the
opening 316.

The threaded bolt 304 has threads formed on its inner
surface 324. These threads mate with the threads formed on
the outer surface 314 of the fastener 302, which allows the
threaded bolt 304 to be threaded onto the fastener 302. The
spring 306 is disposed between the threaded bolt 304 and the
inner surface 202 of the pulley 111. The spring 306 may be
variously configured and implemented. For example, it may
be implemented as a coil spring, or a machined spring. In the
depicted embodiment, however, the spring 306 is imple-
mented using a plurality of Belleville washers.

The threaded bolt 304 is disposed on the fastener 302 to
supply a preload to the spring 306. The preloaded spring 306
allows for small variations in rope length due, for example,
to creep and temperature changes, while still retaining
appropriate tension in the rope. Moreover, the preload of the
spring 306 maintains the rope drive system 109 relatively
stiff across the range of operating loads. The rope drive
anchoring assembly 200 also provides adjustability, and
exhibits no (or very little) backlash.

In this document, relational terms such as first and second,
and the like may be used solely to distinguish one entity or
action from another entity or action without necessarily
requiring or implying any actual such relationship or order
between such entities or actions. Numerical ordinals such as
“first,” “second,” “third,” etc. simply denote different singles
of a plurality and do not imply any order or sequence unless
specifically defined by the claim language. The sequence of
the text in any of the claims does not imply that process steps
must be performed in a temporal or logical order according
to such sequence unless it is specifically defined by the
language of the claim. The process steps may be inter-
changed in any order without departing from the scope of the
invention as long as such an interchange does not contradict
the claim language and is not logically nonsensical.

Furthermore, depending on the context, words such as
“connect” or “coupled to” used in describing a relationship
between different elements do not imply that a direct physi-
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6

cal connection must be made between these elements. For
example, two elements may be connected to each other
physically, electronically, logically, or in any other manner,
through one or more additional elements.

While at least one exemplary embodiment has been
presented in the foregoing detailed description of the inven-
tion, it should be appreciated that a vast number of variations
exist. It should also be appreciated that the exemplary
embodiment or exemplary embodiments are only examples,
and are not intended to limit the scope, applicability, or
configuration of the invention in any way. Rather, the
foregoing detailed description will provide those skilled in
the art with a convenient road map for implementing an
exemplary embodiment of the invention. It being understood
that various changes may be made in the function and
arrangement of elements described in an exemplary embodi-
ment without departing from the scope of the invention as
set forth in the appended claims.

What is claimed is:

1. A rope drive anchoring assembly, comprising:

a pulley adapted to be rotationally mounted and having an
inner surface, an outer surface, a first fastener opening
extending between the inner and outer surfaces, and a
second fastener opening extending between the inner
and outer surfaces;

a rope engaging at least a portion of the outer surface of
the pulley, the rope adapted to receive a drive torque
and, in response, cause the pulley to rotate;

a first rope connector coupling the rope to the pulley; and

a second rope connector coupling the rope to the pulley,

wherein:
the first rope connector comprises:

a first fastener extending through the first fastener
opening, the first fastener having a first end, a
second end, an outer surface, and an opening
extending between the first and second ends and
through which the rope extends, the outer surface
having fastener threads formed on at least a por-
tion thereof,

a first threaded bolt threaded onto the fastener
threads, and

a first spring disposed between the threaded bolt and
the inner surface of the pulley;

and the second rope connector comprises:

a second fastener extending through the fastener
opening, the second fastener having a first end, a
second end, an outer surface, and an opening
extending between the first and second ends and
through which the rope extends, the outer surface
of the second fastener having fastener threads
formed on at least a portion thereof,

a second threaded bolt threaded onto the fastener
threads of the second fastener, and

a second spring disposed between the second
threaded bolt and the inner surface of the pulley.

2. The assembly of claim 1, wherein the first and second
springs each comprise a plurality of Belleville washers.

3. The assembly of claim 1, wherein the first and second
springs each comprise a coil spring.

4. The assembly of claim 1, wherein the first and second
threaded bolts are each disposed to supply a preload to the
spring.

5. The assembly of claim 1, further comprising an epoxy
disposed within the openings of the first and second fasten-
ers.

6. The assembly of claim 1 wherein the rope includes a
termination that extends from the second ends of the first and



US 9,482,312 B2

7

second fasteners and is configured to prevent movement
thereof through the second ends and into the openings.

7. A drive system, comprising:

a motor having an output shaft, the motor adapted to be
energized and configured, upon being energized, to
supply a drive torque via the output shaft;

apulley adapted to be rotationally mounted and having an
inner surface, an outer surface, a first fastener opening
extending between the inner and outer surfaces, and a
second fastener opening extending between the inner
and outer surfaces;

a rope engaging the output shaft and at least a portion of
the outer surface of the pulley, the rope responsive to
the drive torque to cause the pulley to rotate;

a first rope connector coupling the rope to the pulley; and

a second rope connector coupling the rope to the pulley,

wherein:
the first rope connector comprises:

a first fastener extending through the first fastener
opening, the first fastener having a first end, a
second end, an outer surface, and an opening
extending between the first and second ends and
through which the rope extends, the outer surface
having fastener threads formed on at least a por-
tion thereof,

a first threaded bolt threaded onto the fastener
threads, and

a first spring disposed between the threaded bolt and
the inner surface of the pulley;
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and the second rope connector comprises:

a second fastener extending through the fastener
opening, the second fastener having a first end, a
second end, an outer surface, and an opening
extending between the first and second ends and
through which the rope extends, the outer surface
of the second fastener having fastener threads
formed on at least a portion thereof,

a second threaded bolt threaded onto the fastener
threads of the second fastener, and

a second spring disposed between the second threaded
bolt and the inner surface of the pulley.

8. The system of claim 7, wherein the first and second
springs each comprise a plurality of Belleville washers.

9. The system of claim 7, wherein the first and second
springs each comprise a coil spring.

10. The system of claim 7, wherein the first and second
threaded bolts are each disposed to supply a preload to the
spring.

11. The system of claim 7, further comprising an epoxy
disposed within the openings of the first and second fasten-
ers.

12. The system of claim 7, wherein the rope includes a
termination that extends from the second ends of the first and
second fasteners and is configured to prevent movement
thereof through the second ends and into the openings.

#* #* #* #* #*



